The major gut bacteria of the worker caste of nine species of Australian termites, belonging to four families, were isolated and identified to generic level. All species were either facultative anaerobes or strict aerobes. A correlation appears to exist between the major gut bacterium and the family to which the termite belongs. The major bacterium from the two lowest termites, Mastotermes darwiniensis (family Mastotermitidae) and Cryptotermes primus (family Kalotermitidae), was Streptococcus; from four species belonging to the Rhinotermitidae (Heterotermes ferox, Coptotermes acinaciformis, C. lacteus, Schedorhinotermes intermedius intermedius) it was Enterobacter; and from three species of the Termitidae (Nasutitermes exitiosus, N. graveolus, N. walkeri) it was Staphylococcus. Enterobacter was a minor symbiont of M. darwiniensis, C. primus, and N. graveolus; Streptococcus was a minor symbiont of H. ferox, C. lacteus, S. intermedius intermedius, and N. exitiosus; and Bacillus was a minor symbiont of C. acinaciformis and S. intermedius intermedius. M. darwiniensis possessed another minor symbiont tentatively identified as Flavobacterium. C. acinaciformis from three widely separated locations possessed a similar microbiota, indicating some form of control on the composition of the gut bacteria. Bacteria, capable of growth on N-free medium in the presence of nitrogen gas, were isolated from all termites, except N. exitiosus and N. walkeri, and were identified as Enterobacter. No cellulose-degrading bacteria were isolated.
Studies on the role of bacteria in the nutrition of termites have largely centered around their ability to degrade cellulose or to fix nitrogen gas. Cellulose-degrading bacteria have been isolated from some species of termites (21, 26) , but many attempts have been unsuccessful (8, 10, 16) , and other claims (3, 17, 18, 23, 25) need to be viewed with some caution since the methods used for the surface sterilization of the termites were either not given or not evaluated. Breznak et al. (6) have demonstrated fixation of nitrogen gas by termites and have shown that this ability was lost when the gut bacteria were removed with antibiotics. Dinitrogen (N2) fixation by termites has also been reported by Benemann (4) and French et al. (12) , and nitrogenfixing bacteria have been isolated by French et al. (12) and Potrikus and Breznak (22) .
We have carried out a survey of a wider scope than previously undertaken, to isolate and identify the bacteria present in the hindgut of nine species of Australian termites, with a view to a better understanding of the symbiosis between the termites and their gut bacteria. MATERIALS Gut contents were also inoculated into liquid RCM medium, rendered anaerobic by the addition of sterile sodium dithionite, using methylene blue as an indicator of anaerobiosis, and were incubated for 14 days at 30°C. RCM agar plate cultures were also incubated for 7 days at 30°C in an anaerobe jar, using a GasPak anaerobic system (Baltimore Biological Laboratory, Division of Becton, Dickinson & Co., Cockeysville, Md.) to remove oxygen. Putative N2-fixing bacteria were isolated by plating gut contents on N-free agar (13) in which the sucrose was replaced by glucose. The plates were placed in an anaerobe jar, which was evacuated on a water jet pump (vacuum, about 20 x 102 Pa), then flushed with nitrogen, and incubated at 30°C for 7 days. A container of 1 M H2SO4 was placed in the jar to absorb any ammonia present in the nitrogen. The isolates were purified by plating four times in succession on N-free agar incubated under the same conditions. The N-free plates were stored in a sealed container in the presence of 1 M H2SO4 before use.
Attempts to isolate cellulose-degrading bacteria were made by incubating gut contents in the three cellulose media of Aaronson (1) and in a medium of the following composition (grams per liter of distilled water): K2HPO4, 1.0; MgSO4 7H20, 1.0; (NH4)2SO4, 2.0; KCI, 0.5; CaC12 (anhydrous), 0.02; FeSO4 7H20, 0.01; MnSO4 4H20, 0.001; and a strip (5 by 1 cm) of Whatman no. 1 filter paper. All of the cultures were incubated at 30°C for 14 days under aerobic conditions.
Morphological characteristics. Bacterial form and Gram stain were determined on cells grown in liquid RCM medium (24) .
Flagellation was determined on cultures grown for 24 h on peptone-yeast extract agar plates. The cells were emulsified in water, a drop of the emulsion was applied to a carbon/nitrocellulose-coated copper grid, and the cells were allowed to settle for 1 min. A drop of 1% (wt/vol) phosphotungstic acid (pH 6.5) was added, and the cultures were allowed to stand for a further 15 s before excess liquid was removed with blotting paper. The specimens were examined by direct observation, using a Philips EM300 electron microscope at a magnification of x25,080.
Biochemical characteristics. Biochemical tests and tests of the ability of the isolates to grow on certain media were carried out at 30°C as described by Skerman (24) , with the following exceptions, which were carried out according to the cited methods: glucose and lactose oxidation and fermentation (2) ; malonate and gluconate utilization (14) ; acid and gas production from sugar alcohols using medium 2, containing 1% (wt/vol) of the substrate (9) . The formation of D-and L-lactate from glucose fermentation was determined qualitatively on the clarified, spent RCM medium by adding 2.5 ,umol of nicotinamide adenine dinucleotide and 5 U of D-or L-lactate dehydrogenase (EC 1.1.1.27 and EC 1.1.1.28) (Sigma) in the presence of 0.5. mM glycine-hydrazine buffer, pH 9.0, and observing the reduction of nicotinamide adenine dinucleotide at 340 nm. All isolates were identified to generic level using Skerman Table  2 . For ease of comparison, the bacteria have been grouped according to genus rather than according to the termite from which they were isolated.
Strains CA1, CA2, CN1, CLi, CP2, HF1, MD2, NG2, and S13 (Table 2) were identified as Enterobacter (7) since they were gram-negative, peritrichously flagellated rods capable of utilizing citrate as a sole carbon source. All were able to grow in cyanide broth, which distinguishes them from Shigella, Edwardsiella, Yersinia, and Escherichia species (7), and all were methyl red negative and Voges-Proskauer positive, which distinguishes them from the genus Citrobacter (7). Strain differences appear to exist, as shown by the pattern of arginine, ornithine, and lysine decarboxylases. The characters shown by strains CA1, CA2, and CN1 were identical; CAl was isolated from C. acinaciformis collected in Queensland, CA2 was isolated from C. acinaciformis collected near Sydney, and CN1 was isolated from C. acinaciformis collected at Taree.
Strains NEL, NG1, and NW (Table 2) cally dividing in two planes to form tetrads and packets of cells, and were identified as Staphylococcus (7). Strain differences are apparent in their differing abilities to form acetoin or acid from glucose, lactose, and mannitol. Strains CL2, CP1, HF2, MD1, NE2 and S12 (Table 2) were identified as Streptococcus (7) since they were gram-positive, nonmotile cocci characteristically forming pairs, or chains, of cells and producing only L-lactate, but no gas, from glucose fermentation.
Strains CN2 and SIl (Table 2) were identified as Bacillus (7) since they were gram-positive, motile, sporeforming rods. Both were strict aerobes. SIl appeared to utilize the nitrogenous components of the RCM for growth, since it did not grow on glucose.
Strain MD3 was a gram-negative, nonsporing motile rod. The biochemical characteristics (Table 2) of the isolate, plus the fact that the colonies were yellow and translucent, indicated that it was a Flavobacterium (7).
Isolation of putative N2-fixing bacteria was initially attempted using the method of Skerman (24) , but the results were difficult to interpret. The report by French et al. (12) of the presence of N2-fixing bacteria in three of the species of termites used in this study (C. lacteus, M. darwiniensis, and N. exitiosus) prompted us to reexamine the gut of our termites for N2-fixing bacteria. The gut contents of all of the termites, except N. exitiosus and N. walkeri, yielded bacteria capable of growth on N-free medium. The numbers were not determined because of the small size of the colonies. All of the isolates were identified as Enterobacter since they were gramnegative, motile rods, capable of utilizing citrate as a sole carbon source and capable of growing in cyanide broth. All were methyl red negative, Voges-Proskauer positive, and catalase and benzidine positive and were capable of reducing nitrate to nitrite. The Enterobacter strains of C. primus and M. darwiniensis were detected only on the N-free medium and not on RCM. The Nfree medium would favor the growth of the Enterobacter species and would prevent growth of the Streptococcus species (strains CP1 and MD1). All of the Enterobacter strains, whether isolated on RCM agar or N-free agar, were capable of growth on N-free agar under air in the presence of H2SO4, indicating that they did not require anaerobic or microaerophilic conditions to grow on N-free agar. The other bacterial isolates found on RCM agar were unable to grow under these conditions, indicating that the Nfree agar was free of nitrogenous compounds.
No cellulose-degrading organisms were isolated from any of the termites, but isolates CA1, CA2, CL1, CNi, CP1, HF1, NEl, NG1, NG2, NW, and S12 were capable of using cellobiose as a carbon source. Cellulose-degrading organisms were readily isolated when the different cellulose media were inoculated with soil. DISCUSSION Termites are classified into two major phylogenetic groups, the lower termites and the higher termites. The distribution pattern of the bacterial genera identified in each termite (Table 1) shows that there is a correlation between the major gut bacterium and the family to which the termite belongs. Thus in two species of termite, M. darwiniensis (family Mastotermitidae) and C. primus (family Kalotermitidae), belonging to the two lowest families of the lower termites, Streptococcus was the major bacterium, whereas in four species of termites belonging to the Rhinotermitidae, which is the highest family of the lower termites, Enterobacter was the major gut bacterium. The Termitidae, or higher termites, has four subfamilies (20) . We examined three species belonging to one of these subfamilies (Nasutitermitinae) and found that their major bacterium was Staphylococcus. Krasil'nikov and Satdykov (19) (12) found that N. exitiosus would not fix nitrogen when fed on wood, but would when fed on filter paper; no explanation was offered for this finding. French et al. (12) isolated N2-fixing bacteria from four of the termite species surveyed in this study and identified all of their isolates as Citrobacter freundii.
The function of the other bacteria (Staphylococcus, Streptococcus, Bacillus, and Flavobacterium spp.) was not discovered, but they did not appear to be involved in cellulose utilization, since we were unable to isolate any cellulosedegrading organisms. This was not surprising in the lower termites, where the protozoa are considered to be main agents of cellulose degradation (15), but does leave open the question of how the higher termites, which are devoid of protozoa, digest cellulase. Tracey and Youatt (27) have reported the presence of cellulase in N. exitiosus, but they did not determine whether it was of microbial or termite origin.
The gut of the termites failed to yield any strictly anaerobic bacteria. In addition, the Enterobacter isolates were able to grow on N-free medium under air. These results are consistent with the finding that the guts of both C. lacteus and N. exitiosus were aerobic but of low Eh (11 
